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1.0 SCOPE:

This final report summarizes all performance test data on the

bru_hlet$ torquer model no. 671 built under KelLmo:'gen Work

Order 23885 and NASA Contract # NAS 8-i 1600 and includee final

test data on the two engineering models.

2.0 INTRODUCTION

In the prototype m_it the per cent torque ripple which is defined as

u Trnax- Train

• ............ was 27,2_0 and the power conpumption was 56 VDC
Tmax + Trnin

at 4.00 amps for peak torque. By chanFing to a new resolver which

had much lower di|tortion the per cent torque ripple in the Engtn-
#

eering Model was reduced to 12_0. Increasing the _tack length of

the motor and changing previous _.$t procedures which demagnio

._.

tized the motor reduced power consumption to 56 VDC at Z30 amp

for peak torque. According to NASA Contract HASS-|1600 maxi-

:. mum torque ripple i8 5_ and maximum power consumption is §6

VDC at 2, O0 amps.

f
- 3.0 REFERENCED DOCUMENTS

_" NASA Cohtract NAS$- 11600

u "_a

1966005265-004



ER67!.Z, Re','. A Brushless Torque Motor and Resolver Pro-

gress Report

ER671.4, Rev. B Statement of Work

Brushlers Pancake Resolver

ER671.5, Rev. A Performance Telt_ cr_the Brushless Torquer i

i

B
ER671.6, Rev. A _--_rating Procedure Brushlels Torque Motor

ER671.7, i Statement of Work for Commutatorless Torquer
U
N

o Drawing s

. DX671-3, Rev. B Test Fixture for Inland Torque Motcr

D671_,4, Rev. B Multi-Speed Brushless Resolver

J

D671-6, Rev. B Outline & Installation Dwg. Brushle_s Torque

Motor Model 671

D671-7, Rev. B Outline & Instal'ation Dwg. Commutatorless

Torquer Electronic s

D671-8, Rev. A Brushless Torque Motor

* ER" revised by addition to purchase order.

/
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Drawings (Con't.)

.-__-

_v, - : R_v. A in_ercormection Diagram for the Commutator-

, tes_ Torquer

F671-5, Revo A Schematic Diagram Commutatorless Torquer -

Amplifier Section

C671-18, Rev. A Schematic Diagram Commutatorless Torquer -

Power Supply Section

t
, 4.0 PHASE I,DEVELOPMENT OF THE PROTOTYPE MODEL

• 4. I Chronological Review.

,! The original brush!ess torquer and resolver (TR2801-A) wa¢ built

by I_land Motors.
' /

-_ The engineering data is contained in NR671.2. Itwas found that

t
the c_utputof the sine and col winding of the first re_oi_ _r departed

t

from an ideal sine and cosine by 4 24%. Also the torque motor

could not deliver rated torque. A conventional one-speed resolver

w&s :,eared up by a factor Of 6 to match the motor and the torque

ripple of the e_._hi,_tion was only 5.4_o. This determined that

:_, the high ripple torque was directly attributed to distortion in the

',' resolver outputs_ .The prototype motor had onl 7 5°4% torque rippls

t
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and the [ina_ engineering model 12_/0 torque ripple because the

Flux density in the prototype motor was demagnetized by 50_ prior

to _ _ting,

The torque motor and resolver _vere sent back to Inland Motors

for rer_agnization of the torque motor &nd adjustment of the re-
x

solver. The Engineering data of the reworked unit is contained

in ER671.5. ER671.6 contains the operating procedures of t_e

prototype unit which was shipped to NASA in January 196S.

4. Z Discussion of Problem Areas.

The high per cent torque ripple was caused by distortion in the

resolver outputs. In order to meet NASA Contract HAS8-1160_,

resolver output distortion had to be reduced by_a"fa.-tor Of _en and

_,. _orquer's stack length had to be incr_ased t6 "]_n_t po_er c0a-

sumption.

4.3 Demagniti sationo ,:

?
If the motor isdriven by a power supply without the associated

electronics the motor will be demagnitised in torque measurement

_ teStS. If a_mature reaction MMF opposes the MMF of the rotor , i_'.

mag_ts the rn_&uets will be demal_ttis_t,', This ¢ond4tton happens

1966005265-007



when the rotor of the torquer is pulled tbrough a maximum and then

accelerates maybe through t-_vo or three poles a_d is an unnatural

condition for the torquer. V;%en the resolver and electron_ s drive

the motor, zhe armature MMF will al_vays be in quadrature with

the I_MF of the magnet_ and the only effect will be a distortion of

t_ae field in the air gap.

: It is interesting to note that this is the wa_ Inland Motor and Koll-

naorgen y.ersonnel tested the motor prier to July 6, 196_ and this

," u_ analyeis would explain why previous DC comrnu_ol_ese tOrqtfvrs

g

o ,were so easily demagnitized.L

' 5.0 PHASE H, DEVELOPNI2NT OF THE TWO ENOINE_RING MODELS i

#

5. I Design L'mprovem_nts.

5.1.! Resei,_er
?.

A ne_ vendor, C_ifton Precision Product, have built the resolvers

according to the Statement of Work for the Brushless Pancake r_e-

solver ER671.4, Xev. B, for the two engineering rr_._eis.

5.1.2 Motor

"- The torquer'_ _tack length has been incraased , 0_0 inch to limit

i kr
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pe&k power consumption. ER671.7 covers the stateme_t of-_ork

, for the Commutatorless torquer.

5.1.3 Electronics.

There have been severai !_p_ovements _. the electronics for the !

engineering model. U_ing compact circcitry the complete amplifier

channel minus _he output tvr,'_ -" _*.;'.:. "_ _ckaged on u Z_3/16 '_" '

by 8-1/2" circuS+ %o_._d _:ransister clrc_4_vy prevtnts both

sides of the D-C _,¢wvr br_".ge from conductiag :ff t_o minus 65 VDC
tJ

, blzs is ever rvr_o-Jed. Common mode feedback- ,, _"-_ preamplifier

w.

st_bi!i=e, sensi_i .. ,_a$ level adjustments° P_,ec_',.:. o._' internal

heating which ch_v,_es the winding reslstanc_ c ...... ,'.feedback is

used to stabilize the __._i_ of o_tput ct_rrer, _. ,e :,, _t e_',c_atic_n v_l-
$

tags.
#

Drawing D671-17, Rev. A, ehows the in_,_,:omnections for the

system. Drawing F67 I-5, Rev. A, is the schematic dr&gram of the

amplifier section of the commutatorles_, torquer_ Drawing _671-18,

P_v. A, is the _chem_tlc dlagr_,m of the power supply _ectioa of

the ccmsmutatorless torquer and Drawing D671-7, Rev. B, provides

the installation information fer the electrorAcs.

t i
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I

5.2 Test Method for the Englne_ring Models.

5.2. 1 Te_t set upand ..... -'

I

r ................. 7?

,_. 4 0 0 "-, _,C RESOLVER/ idOTOR /' INPUT .... ---_

:_ / _ / "" /.I [ / '\'X

" ..L,. 1 . SINE i/ ._ \
,% _, ( ._ ./ ) IAMPLIFIER

i '_ :_ . i CHANNEL t 5 I 0 -fL
_r " [ _ 'A--A--A---- . /

,, ,o :,. _ / /

!' ___ " COSINE _

_L Ac:L lN_#t ] .-_ ' 2 .J'L:" ............. J R

n AC I DIGITAL I

• VTV,_ VTVMI ----01
L__.

r IGURE I. BRUSHLESS TORQUER SYSTEP_.

..JP

! nl , ,nll_
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1

_. Z. Z Tabulation of Errors in the Equipment Used

._.q_:.iprn_entU_ed Error :_

(I} Spring Scale Reading Error in sclLle + ]/8 oz.

Ch..tillon, 3ohn k Sons Calibration Error in scale + 1/80Zo
85 Cliff Street Moment Arm i_ I. 5 inches

I New York 38, New York Reading Error in torque 4_ 3/16 in=e._ iL

M_del 4200 or + . 30 oz-in
Range 0 - 240 oz. C_libration Error in torque

' Used in all torque measure- + 3/16 os-in or + . _0 o_-in

monte

(1} TemtStand
Koll_orlen Corpore.tion

347 King Street Friction in t_st stand - 0.1 in-o_-.
• , Northampton, Masse

I)wll.DX671-_, R,v. B

(2} Current Sarnphng Resis-
to_s + ZO PPM

Omtro_c s 50 wattm
Z406 Leavenworth + I% resistar_ce tolerance
Omaha 5. Nebraska _w to 10_
• SO0ok_ I%

(l) Digital Voltme_r Reading error _ I/Z my
United System Corp. Calib1"atlon Error + 2 mv
Dayton 3, Ohio

: Me, el Z02A

R_e 0 - 2 volte

.... f--- It i Im i n : : : ILl 1[

(1) AC Voltmeter R_diag e-toe + 1/4% of full scale
Howlett-Psck_rd Co. C_llbratio_ error + 15 o_ full lcale

e8o

hie Alto, California
Mod_l 4@0H

_e 0- lmv. 0- 300V .,

966005265-01
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5.Z.3 Discussion and Definition of Types of Errors

1_0__._he p,_'..rpose of *__l_.esetests, bye typ-.s ot error_ ar_- :.-o._.-'._.dered;
|
i

a reading error and a calibration error. All data ha_ been reduced

by caXculating rnachi_es *.oeliminate slide rule ._rror.

5.2.4 Uncertainlty in Torque Ripple Measurerr, ents

Torque ripple is defined as followe:

Trnax- Train

per cent torque rlppt_ -- ............... x !00
o Tmax + Trnin

o Since Tmax and _rnin are taken at approximately the rams torque
L

level the errors in the calibration of the scale will cancel and only

I
a read,_n_ error and friction in the test stand will be left {0.3 oz-in).

i Si.wce the excitation voltage im not cl_tnged, the only erl"ore in the

excitation will be a reading error in the AC eoltrnetez. The gain

of the aznpliflers are adjusted to deliver 1. S amperes at 2_ VRMS.

Therefore, if the AC voltmeter is on the 30 volt range the error

in torque because of the reading error in input signal ie

1,5 arnps in - oZ.
30V 0025 - - - 120 ....w X o X *- --- -" -- -" _ "*" "

ZZ volt amp

s + 0.6 tn-os.

1966005265-012
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The total uncertainty in the measurement of torque ripple is the

cure of errors in n_easured torque (_ 0.3 oz-in) and the errors

in torque due _o errors inrneamured ;nput signal (+ 0.6 os-tn).

The total uneertainiry in measured torque i_ + 0.9 oz-in.

_, the test data at the end of this report torque ripple is rneasur_d

tt . b5 IR and is to be less th_n 5%.

118+ 0.9 - 10b+ 0.9 IZ • 1.3

= : 5% + 0.8_
l?f,+ 0.9�I00+ 0.9 224

u
eq

This der_.onstrateg that the uncertainity in per cent torque ripple
C
la

will be less than 0, 8_ at current of . 65 IR,

5.2.5 U_¢er_aiaity in Linear£t T _Aeasurements

Li_arity for the complete system is defl_d _s follows:

Eexcitatlon

Tdov - Trated x ................. __

Eexcitation max.
llno&rity = ..............

Trated

The total error In the measurement of developed torque and Trated }"

ia tho linearity test is the o._rors in measured torquo 1+ 0.5 oz-ln). ._

i.
!
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The total errors in Eexcitation and Eexcitation max. assuming the

measur,.mentz are on the 30V range is sum of the cal;.bration error

(* .3_;) znd reading error (+ .075V). H linearit T is measured at

; I/Z IR _nd Tdev = 9].5 _n-oz,

ll.0 * ._75

- 91 5 + 0 5 - 167- 0.5 ...............

ZZ 0 + ° 375 -

. % linearity = ........................................ .--
167+ 0.5

8+5

........... = 5%+ 3_0%
" _ 167

t,

This demonstrates that t.be uneert.aini W in per cent li_arit T will

be lesm than 3. t'_'_ at a current of . 50 IR.

It

5. Z- 6 V_:erta[nitv i_ Maxir_.m_ Torqu_-M, easurements

l

._-.- Using the tes_ set up in figure 1 current can be measured to within

, �6MA. Since torque can come f.rcrnnboth phases the _rror in

- torque because of a measuremen* error in current is:

- +6 I_A l._14xKt

o_-tn

_--. + 6 MA 1o414 x IZO ....... = 4. I oz-in.

: amp

4

"_:_

1966005265-014



d

I RE.PORTNO _R6_,Z.?KO X.,L_W'X0 I::ZG.E
_---=_-_ COR,:'O,_,-,T,O_ I_0_ ZZ ;_'.., A

The _.ota _. uncert_in!ty tn rated torque measured at rated current

(]. 5 P _peres) is t_e sum of the e_'rors in measure_ torque

(+ 0.50 oz-in) _nd the error_ in torque due to errors ;.n measured

cuYrent (+. 1.0 oz-in). The total uncertainity in rated torque mess-
i

urement8 is • 1.5 oz-in.

./

•z. 5.Z.7 Discussion of Te_t Results

The test data at en_ of this report was taken on _,_ _shless torquer

assembly outline dwg. (D671-6. Rev. B) which ,s composed of a
u
el

l brushless pancake resolver(outlin_ Dwg. D671-4, Rev. B)and
O

brushless torque motor(outline Dw_. D_I_8, Rev. A) mount_d in

the test flxture(outline Dwg. DX671-3, Rev. B. )

The torque ripple (Graph 2 and 4)for the complete syst_rn _s 1_.

/ In the area of the curve where the motor is driven by perfectly

sinusoidal currents the torque ripple is about 10_. The worst

contribution to _orque :s caused by a 49 cycle per shaft revolution

ripple. This rippl_ _s nEdr _tnr.osi _x,_vi_l_r._llor_.,.mo,t_.tes_-c

The gains of the power amplifiers _re adjusted to deliver rated ..

current (1. _ amperes) at _2 VRMS input and higher input signals

wiU t_n¢_ to demagniti_e the rna_nsts. The torque sensitivity (per

phase) is 120 o_-In/amp.
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and winding current were measured at different excitation ITorque !
|
!

voltage levels at a fixed angle (Graph I and 3). The zero based I
!
i

linearity for the wholt system is

Trated - Excitation

Tdev ............................

Excitation max°

.................................... x 100 and 15 equal to 1%o

: Trated

6, 0 CONCLUSION

Tke percent torque ripple of the complete system iu 12% and weli

u

• n above the specification of 5%7 The fact that the 49 cycle per shaft
a,

revolution rippie coincides exactly with the number of motor slots

" leads us to believe that it is slot ripple and could possibly be de- :

:, creased in a new motor design, The one cycle per shaft revolution
¢

ripple could be decreased by reducing the eccenteicity in the test
J

stand. The total supply current at peax torque is Zo30 amperes

which i_ greater than the ?.,00 amperes maximum available_ The

maximum torque and linea_ity are according to specifications°

,i,

,%&
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REPG,_[ _40 ER671.9::K:OL:lhl_I.O:RIBI.:IBI_T pA¢_ _4 _,,/ A
Y 7 C OR PO R &-t"l 0 N

\ i_ -,.o_:_,,.. ...... •..... _:,-,_ _E_TS CON;DOr-4PAGE l_Lt_

Data S%eets and Graphs included.

Graph I Measurement of maximum torque and iineai'ky of

brushless torquer rnotor TRZ804A and resolver

SPR-4_-D-I D671-4 S/N 3. [

Graph Z Torque ripple measurements of TR2804A with re,- I
t

solver SPR-46-D-1 D671-4 S/N 3.

Graph 3 Measurement of maximum torque and ]inearity of brush-

!ess torquer motor TR2804A S/N 65-69Z-3 and resol-

o ver SPR-46_D-I D671-4 SIN Z.

Graph 4 Torque ripple measurement of TRZ804A SIN 65-692-3

and resolver SPR-46-D-I D671-4 SIN Z,,

#

'3
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